A B S T R A C T
Inbred mouse strains are the most widely used mammalian model organism in biomedical research owing to ease of genetic manipulation and short lifespan; however, each inbred strain possesses a unique repertoire of deleterious homozygous alleles that can make a specific strain more susceptible to a particular disease. In the current study, we report dystrophic cardiac calcinosis (DCC) in C.B-17 SCID male mice at 10 weeks of age with no significant change in cardiac function. Acquisition of DCC was characterized by myocardial injury, fibrosis, calcification, and necrosis of the tissue. At 10 weeks of age, 38% of the C.B-17 SCID mice from two different commercial colonies exhibited significant calcinosis on the ventricular epicardium, predominantly on the right ventricle. The frequency of calcinosis was more than 50% for mice obtained from Taconic's Cambridge City colony and 25% for mice obtained from Taconic's German Town colony. Interestingly, the DCC phenotype did not affect cardiac function at 10 weeks of age. No differences in echocardiography or electrocardiography were observed between the calcinotic and non-calcinotic mice from either colony. Our findings suggest that C.B-17 SCID mice exhibit DCC as early as 10 weeks of age with no significant impact on cardiac function. This strain of mice should be cautiously considered for the study of cardiac physiology.
I N T R O D U C T I O N
Calcium deposition is known to occur at sites of tissue injury during inflammation and necrosis [1] . Calcification has been broadly classified into two categoriesectopic mineralization and dystrophic mineralization. Ectopic mineralization is a consequence of impaired phosphate and calcium metabolism and is associated with cardiovascular diseases such as atherosclerosis, whereas dystrophic mineralization is accompanied by degeneration and chronic inflammation [2] .
Dystrophic cardiac calcinosis (DCC) appears spontaneously in certain inbred strains of mice [2] [3] [4] [5] . It is characterized by myocardial injury, calcification, and necrosis of the tissue [2] . It appears as a large confluent or multifocal spotted pattern on the myocardial and pericardial tissue. DCC onset and severity have been attributed to several factors including age, genetic background, sex, and diet [2, [6] [7] [8] [9] . The initiation of mineralization is thought to be due to calcium precipitation within the mitochondria of irretrievably injured cardiomyocytes [10] . DCC prevalence has also been suggested to increase in response to diet, hormonal changes, or Coxsackie B viral infection [8, 11] . Mutations within the Dyscalc locus on chromosome 7, which contains the Abcc6 gene, can cause necrosis and calcification of myocardial cells [2, [12] [13] [14] [15] . Additional loci linked to DCC have been identified on mouse chromosomes 4, 12, and 14 [15] .
C.B-17 SCID mice, which have a BALB/c background, are homozygous for the Prkdc scid mutation and are widely used to support research in cancer, diabetes, obesity, cardiovascular diseases, and many other areas.
In the current study, we report DCC in C.B-17 SCID male mice at 10 weeks of age with no significant change in cardiac function [16] . Affected hearts displayed white surface lesions on the ventricular epicardium. Histological analyses revealed these lesions to be fibrotic with calcium deposition within necrotic cardiomyocytes.
M A T E R I A L S A N D M E T H O D S

Animals
All C.B-17 SCID male mice were purchased at 7 weeks of age. The mice appeared healthy and did not exhibit any outward signs of disease. Mice were purchased from Taconic Biosciences from colonies in Cambridge City, IN and German Town, NY. All animal studies were approved by the Institutional Animal Care and Use Committees of the University of Houston and Baylor College of Medicine. All surgery was performed under isoflurane and sacrificed by cervical dislocation followed by thoractomy.
Electrocardiography and transthoracic echocardiography Baseline electrocardiography (ECG) was recorded on conscious mice 48 h prior to opening the chest cavity using a noninvasive ECGenie apparatus (Mouse Specifics, Inc., Boston, MA, USA) at the Baylor College of Medicine (BCM) mouse phenotyping core facility. Animals were placed on ECG recording platform without any restraint. The ECG signals are received by electrodes in all four extremities and amplified, and data are collected and analyzed via computer software. ECG analysis was followed by transthoracic echocardiography imaging at the BCM Mouse Phenotyping Core facility using a Visualsonics Vevo 2100 Imaging System. Each animal was placed in a chamber with 3% isoflurane for 3-5 min until the animal became recumbent. A nose cone with 1-2% isoflurane was attached to the nose of the animal, and the chest shaved with clippers. A nontoxic gel was applied to the probe, followed by recording of M-mode and B-mode echocardiograms.
Histological analysis
After euthanasia, hearts were excised and washed in phosphate-buffered saline. Hearts were fixed in formalin, embedded in paraffin, and then stored at room temperature until sectioning. Serial 7-lm transverse sections were cut and collected on slides. Sections were stained with Masson's trichrome to visualize collagen fibers (fibrosis) or Alizarin red S to detect calcium precipitation.
Statistical analysis
Echocardiography and ECG data were processed using GraphPad Prism 5.0 (GraphPad Software Inc., San Diego, California) and Microsoft Excel. All the values were expressed as mean AE SEM. Statistical analysis was performed using one-way ANOVA, and multiple groups were compared using the Tukey's post hoc multiple comparison test. P values less than 0.05 were considered significant.
R E S U L T S
Physical appearance and observation The C.B-17 SCID mice were to be used for developing a myocardial infarction model by ligation of the left anterior descending coronary artery for another project. At 10 weeks of age, mice were anesthetized for surgery. Upon opening their chest cavities, we observed white lesions on the surface of the ventricular epicardium ( Figure 1a, b) , highly indicative of DCC. More than 50% of mice obtained from the Taconic Biosciences colony in Cambridge City, Indiana exhibited DCC ( Table I) . Following this observation, another cohort of mice was obtained from the Taconic colony in German Town, New York. DCC was observed in nearly 25% of these mice ( Table I) . We also checked the kidneys and lungs of these mice for similar lesions, but did not observe any. Furthermore, we did not notice any white lesions on any other organs visible during dissection.
Histological analysis
Masson's trichrome staining of heart sections from mice with DCC revealed the presence of abundant collagen fibers particularly on the epicardial surface right ventricles (Figure 1c-e) . Staining with Alizarin red S showed calcium deposits within the surface lesions (Figure 1f, g ). This appeared to be calcium deposition within necrotic cardiomyocytes and is characteristic of the DCC phenotype.
Echocardiography and ECG analysis Interestingly, data obtained by echocardiography indicated no significant effect of the DCC phenotype on cardiac function at 10 weeks of age ( DCC (from either colony) revealed no significant difference in electrical recordings (Table III) . These data suggest that although C.B-17 SCID mice are highly susceptible to DCC, the DCC phenotype does not affect cardiac function during early adulthood.
D I S C U S S I O N
Dystrophic cardiac calcinosis has been reported in various strains of mice including BALB/c, C57BL/6, C3H, and DBA [2-5,9]. BALB/c mice and strains with BALB/c background have been specifically known to be susceptible to DCC. BALB/cByJ, a substrain of BALB/c mice demonstrated appearance of severe epicardial calcinosis along with presence of immune cells in the lesions [17] . Although a previous report by Meador et al. [18] , indicated the presence of DCC in SCID mice, we are the first to report a high-frequency DCC in the C.B-17 SCID mice accompanied by no significant change in cardiac function. We found evidence of DCC in approximately 25% of mice from the German Town colony and in more than 50% of mice from the Cambridge City colony. Our study revealed that DCC, an age-related cardiomyopathy, occurs in C.B-17 SCID mice as early as 10 weeks of age. Studies have also reported calcinotic lesions to appear as early as 5 weeks of age in approximately 85% of BALB/cByJ mice [17] . However, another study reported the onset of cardiac calcinosis to occur between 110 and 150 days (approximately 16-21 weeks) after birth in BALB/c mice [8] . Eaton et al. [8] , also emphasized that BALB/c mice were exceptional for the development of lesions specifically on the epicardium of the right ventricle. In the current study, we also observed a preference for calcinotic lesions to appear on the surface of the right ventricular epicardium. Furthermore, no white lesions were observed on other organs visible during dissection. We paid specific attention to the kidneys and lungs.
Ivandic et al. [15] reported that the Dyscalc/Abcc6 gene, located proximally on chromosome 7, was responsible for DCC and myocardial necrosis in F2 mice derived from resistant C57Bl/6J and susceptible C3H/ HeJ mice. An Abcc6 mutation was also attributed to induction of calcinosis in C3H and DBA mice [19] . Determining the genetic cause for spontaneous DCC in C.B-17 SCID mice was beyond the scope of this study. Certain viruses are also known to cause calcinosis; however, viral infection is an unlikely cause because the mice were purchased from SPF colonies at two different vivariums.
Although cardiac calcification has been reported in humans, the prevalence is low. It would also go undetected in most people without analysis by echocardiography. Patients with heart failure, tuberculosis, or rheumatism that presented with calcium deposits have been reported to suffer from constrictive pericarditis. In humans, calcification on the pericardium was reported to resemble an eggshell calcification morphologically and mimic the appearance of a snowfall on mountain [20] . Moreover, it was observed that characteristics of DCC in mice and humans were similar along with the predominance of the lesion occurrence on the right ventricular epicardium [21] . Inbred strains of mice with a BALB/c background exhibit higher susceptibility to develop DCC and can therefore be used as animal models for studying the development and progression of calcinosis in humans. SCID mice have been extensively used as animal models in studies of infectious diseases, regenerative medicine and therapy, autoimmune, cancer biology, and hematopoiesis [22] . Even so, this strain of mice should be carefully considered for studying cardiac physiology or other diseases where calcium homeostasis has a significant role to play. It is interesting that cardiac physiology was unaffected by the DCC phenotype. No significant differences All the values were expressed as mean AE SEM. Statistical analysis was performed using one-way ANOVA, and multiple groups were compared using Tukey's post hoc multiple comparison test. P values less than 0.05 were considered significant. Our data revealed no significant difference in echocardiogram parameters between mice with calcinotic and non-calcinotic heart lesions from both the colonies.
All the values were expressed as mean AE SEM. Statistical analysis was performed using one-way ANOVA, and multiple groups were compared using Tukey's post hoc multiple comparison test. P values less than 0.05 were considered significant. There were no significant differences in ECG parameters between mice with calcinotic and non-calcinotic heart lesions from either of the colonies.
All the values were expressed as mean AE SEM. Statistical analysis was performed using one-way ANOVA, and multiple groups were compared using Tukey's post hoc multiple comparison test. P values less than 0.05 were considered significant. were observed in any parameters obtained by either echocardiography or ECG between mice with non-calcinotic and calcinotic hearts at 10 weeks of age. However, it is highly possible that cardiac function will begin to diminish as the mice grow older. Unfortunately, tracking disease progression as the mice age was beyond the scope of this study because these mice were intended for use in a myocardial infarction model for a different project. Our goal in this study was to report the prevalence of DCC and illustrate that cardiac function was not affected at an age commonly used to create myocardial infarction models. Despite similar cardiac function, researchers should consider DCC a variable in heart physiology experiments when using C.B-17 SCID mice.
C O N C L U S I O N
In conclusion, C.B-17 SCID mice can develop DCC as early as 10 weeks of age. However, a clear mechanism for cardiac calcinosis in these mice has not been identified. Further studies are needed to identify the cause of the spontaneous DCC and to determine whether aging exacerbates the DCC phenotype.
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